Mite species of the family Phytoseiidae, which includes some important natural enemies of spider mites and insect pests, found on wild plants in the vicinity of apple orchards in north Japan, were studied during 2001 to 2006. Euseius finlandicus, Typhlodromus vulgaris, and Amblyseius orientalis were recognized as the dominant species of phytoseiid mites in natural vegetation. Of 18 plant species, 5 hosted an abundant number of phytoseiid mites. Especially on Viburnum dilatatum and Morus australis, the density of phytoseiid mites on leaves was low in spring and increased gradually until autumn. When we used a "Phyto trap" as a tool to collect phytoseiid mites walking on branches, the density on V. dilatatum was high in spring and low in autumn. Phytoseiid mites in traps on M. australis had 2 peaks of occurrence, in spring and autumn. Transeius fulvus was not collected from leaves but from traps, and E. finlandicus was not collected from traps but from leaves.
INTRODUCTION
Phytoseiid mites are known as predators of tiny arthropod pests on various crops (McMurtry et al., 1970) . An important strategy for using phytoseiid mites on apple trees is to establish and maintain the predator population in or near apple orchards in advance of the occurrence of spider mites. In Japan, apple orchards are usually located alongside manmade forests composed of Japanese red pine, larch, and/or cedar trees with various deciduous trees and bushes under their canopy. Although few studies have been conducted on phytoseiid fauna in natural vegetation in Japan (Inoue et al., 1991; Toyoshima and Amano, 2006) , several authors overseas have shown that the vegetation surrounding orchards is a rich reservoir of phytoseiid mites (Boller et al., 1988; Tuovinen and Rokx, 1991; Tixier et al., 1998; Duso et al., 2003) . Predatory mites in such natural vegetation can move aerially into orchards (Tixier et al., 2000) . Some species of phytoseiid mites inhabiting natural vegetation would become biological control agents if they were able to dis-perse into orchards to find spider mites on trees and to kill them.
In the last few years, we have surveyed phytoseiid mites in agricultural fields and in their neighboring natural vegetation in north Japan (Toyoshima, 2003; Toyoshima and Amano, 2006) . The primary aim of this survey was to assist in expanding the ecological knowledge of phytoseiid mites, because studies concerning phytoseiid fauna in Japanese natural vegetation are limited to windbreaks around citrus groves in the southwestern region (Inoue et al., 1991) . This paper aims to demonstrate the rich fauna of phytoseiid mites on several wild plants in the vicinity of apple orchards, and to find useful wild plants hosting abundant phytoseiid mites. If these are used for hedges bordering apple orchards, the hedgerows will provide an ecological refuge and a source of predatory mites (Boller et al., 1988) . A further aim was to study the seasonal occurrence of predators on wild plants to determine the appropriate time to use these mites as biological control agents in orchards when wild plants are not adequate to establish
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MATERIALS AND METHODS
We surveyed the fauna of phytoseiid mites on 18 plant species belonging to 14 families during 2001 to 2006. These species are commonly found at and under windbreaks of Larix kaempferi (Lamb.) Carriere surrounding experimental apple orchards at the Apple Research Station, National Institute of Fruit Tree Science, Morioka City, Iwate Prefecture, Japan. Leaves were sampled once (more than 50 leaves) or at weekly intervals (20 leaves from each plant species). Weekly sampling was started after leaf expansion and was terminated when mites disappeared in autumn.
In 2006, we used a "Phyto trap", which provided an artificial habitat and refuge for phytoseiid mites on plants (Koike et al., 2000) . Since the "Phyto trap" is effective to collect live phytoseiid mites walking on the trunk, branches and twigs, it may entrap phytoseiid species that do not depend on leaves as their main habitat. Two plant species, Viburnum dilatatum Thunb. and Morus australis Poir., were chosen to set the traps because of their high mite density between 2001 and 2005. We chose 3 branches of each species, and set a trap on each branch. Phytoseiid mites in the traps were also checked and traps were replaced weekly.
Leaves and traps were observed under a binocular microscope in the laboratory, and adult females of phytoseiid mites on leaves as well as in traps were mounted in Hoyer's medium on slide glass for further identification.
Incidentally, the species names of wild plants, mentioned above and below, were cited uniformly from an illustrated book of Japanese flora Murata, 1979, 1981) to avoid confusion. Species names of phytoseiid mites were cited from the species list of phytoseiid mites in Japan (Ehara, 2007) .
RESULTS
The plant species, sampling year, and mite density are shown in bers collected using "Phyto traps". Although the total number of leaves sampled varied from 40 (Fraxinus sieboldiana Blume only in 2001) to 2,220 (M. australis in 5 years), mite density did not correlate with leaf numbers (rϭ0.297). Although Magnolia obovata Thunb. predominantly exhibited a high mite density of 4.97 mites per leaf, phytoseiid mites on M. obovata are not included because we previously showed the diversity and seasonal occurrence of these predacious mites on M. obovata . Among other species, Juglans mandshurica Maxim. subsp. sieboldiana (Maxim.) Kitam., M. australis, C. trichotomum, and V. dilatatum exhibited average mite densities of 1.32, 1.03, 0.98, and 0.81 mites per leaf, respectively. Following these 3 host species, Cornus controversa Hemsl. ex Prain, Magnolia kobus DC. and Pueraria lobata (Willd.) Ohwi, held 0.73, 0.55 and 0.34 mites per leaf, respectively. The remaining 10 plant species held less than 0.2 phytoseiid mites per leaf. Table 2 lists the total number of adult female mites collected from all plants between 2001 and 2006, along with the collection year and the name of the host plant. We demonstrated that E. finlandicus, T. vulgaris, and Amblyseius orientalis were the major species among the 18 mite species found on wild plants around the apple orchard, contributing 52.5, 28.3, and 13.4%, respectively, of the total number of mite specimens collected. The remaining 15 species contributed only 5% of the total samples collected, and 8 of these species were sampled only once or a few times. Among the 15 species, Amblyseius kokufuensis (252 specimens) and Phytoseius nipponicus (171 specimens) were collected from various plant species, although their feeding habits have not been clarified in the laboratory.
Mite density, along with the species structure and the seasonal occurrence of major species on leaves and in traps on V. dilatatum, are shown in Figs. 1 and 2, respectively. In Fig. 1a , mite density on leaves varied with the sampling year, ranging from 0.2 per leaf in 2001 to 1.2 in 2006, and the dominant species also varied (A. orientalis in 2001; T. vulgaris in 2004; E. finlandicus and T. vulgaris in 2005 and 2006) . In "Phyto traps" (Fig. 1b) , T. vulgaris contributed 80% of the total sample collection; however, E. finlandicus was not found. Transeius fulvus in this study was recorded for the first time and was designated as a new species (Ehara et al., 2006) .
Phytoseiid species sampled as more than 0.1 mites per leaf or per trap on average are listed in 445 Phytoseiid Mites on Wild Plants in Japan 2001 , 2002 , 2005 1,380 Amblyseius tsugawai 2002 11 Euseius finlandicus 2001 , 2002 , 2005 Fig. 2 . Every year throughout the survey period, it was observed on leaves, showing that mite density was low during spring and increased gradually toward autumn (Fig. 2a ). In the traps, mite density of T. vulgaris was high in spring and fell in autumn (Fig. 2b) .
Mite density, along with species structure and the seasonal occurrence of major species on leaves and in traps on M. australis, are shown in Figs. 3 and 4. Figure 3a shows that mite density on leaves varied with each sampling year, ranging from 0.6 per leaf in 2001 to 2.0 in 2004. Typhlodromus vulgaris was usually the dominant species, except in 2001 when it was A. orientalis. In the traps (Fig.  3b ), T. vulgaris and Amblyseius kokufuensis were the dominant species, and the appearance of T. fulvus and E. finlandicus alternated on V. dilatatum. In Fig. 4 , phytoseiid species sampled as more than 0.2 mites per leaf or per trap on average are listed. The seasonal occurrence of mites on leaves of M. australis exhibited a similar trend each year wherein mite density was low during spring but increased gradually toward autumn (Fig. 4a ). In the traps, T. vulgaris showed a similar trend to traps on V. dilatatum, but A. kokufuensis showed a similar trend to other species on leaves of V. dilatatum and M. australis (Fig. 4b) .
DISCUSSION
We demonstrated mite species and the number 446 S. TOYOSHIMA et al. on various wild plants in this study. The number of phytoseiid mites on a plant usually depends on the abundance of food items for the mites on the plant; however, other factors, such as the physical structure of the plant surface, also influence mite density (Duso et al., 2003) . The leaf characteristic common to these 5 plant species, M. obovata, J. mandshurica, M. australis, C. trichotomum and V. dilatatum, is the presence of thick veins that create concave spaces along them. These spaces probably provide a comfortable habitat for phytoseiid mites; this can be inferred from the fact that we often found mites in the concave spaces on the leaves, even in the absence of prey. A similar structure, called domatia, present on the leaf surface influences the abundance of phytoseiid mites by supplying additional space for oviposition and molting (Walter and O'Dowd, 1992; Walter, 1996) . However, the effect of these physical structures on the results in this study is unclear because despite possessing domatia-like structures on the leaf, Hamamelis japonica Siebold et Zucc., Prunusϫyedoensis Matsum. and Ampelopsis brevipedunculata (Maxim.) Trautv. exhibited low mite densities (Table 1) .
Among the large specimens in this study, E. finlandicus, T. vulgaris, and Amblyseius orientalis were the major species among the 18 mite species found on wild plants around the apple orchard (Table 2 ). These species are known predators of important mite pests on apple trees (Amano and Chant, 1986; Toyoshima, 2003; Toyoshima and Amano, 2006 their feeding habits have not been clarified in the laboratory. Neoseiulus womersleyi was found every year but belongs to a rare species on wild plants, although this species is known as an effective predator of tetranychid mites on various crops and fruit trees (Hamamura, 1986; Jung et al., 2004) . In this study, N. womersleyi was collected from V. dilatatum, M. obovata, Pueraria lobata, and M. australis. The scarcity of prey (tetranychid mites) on wild plants may be a determinant factor in the scarcity of N. womersleyi, because this species prefers tetranychid mites to pollen (Hamamura, 1986) . Although Gynaeseius liturivorus is expected to be a predator of thrips on eggplants in greenhouses in Japan (Mochizuki, 2003) , it was collected once from Sambucus racemosa L. subsp. Sieboldiana (Miq.) Hara in this study.
In our previous papers (Toyoshima, 2003; Toyoshima and Amano, 2006) , we demonstrated that the species structure of phytoseiid mites was stable on unsprayed apple and Magnolia trees. Typhlodromus vulgaris was a dominant species on apple trees, probably because its preferred prey, Panonychus ulmi, was also dominant on unsprayed apple trees (Toyoshima, 2003) . Euseius finlandicus was found to be dominant on Magnolia trees during the 4-year study period , although the cause of this stability was not clarified in the previous paper. The dominant species of phytoseiid mites on V. dilatatum and M. australis changed every year (Figs. 1 and 3); however, their seasonal trends on leaves (Figs. 2 and 4) were the same as those observed on Magnolia. While studying the feeding habits of phytoseiid mites, we observed pollen and false spider mites on wild plants. Pollen is known as an important food for several phytoseiid species (McMurtry and Croft, 1997) . When pollen of hop hornbeam was sprayed onto hornbeam plants, the fecundity and abundance of E. finlandicus on plants increased (Duso et al., 2003 (Duso et al., [2004 ). Pollen that naturally occurs during spring may become a food source for phytoseiid mites during spring, but is unable to support the mite population during summer and autumn. We also observed in the laboratory that T. vulgaris and E. finlandicus did not consume false spider mites. Kasai et al. (2002) studied mite fauna on the evergreen tree Cinnamomum camphora Linn. and revealed that the density of Euseius sojaensis was influenced by the number of eriophyid mites in the domatia of the leaves. In the present study, we also explored the possibility of eriophyid rust mites being the preferred prey of T. vulgaris and E. finlandicus, but we could not count the number of rust mites. Further investigation is necessary to identify the food sources of these phytoseiid mites on wild plants.
The peak mite density was clearly different between leaves and traps in 2006, except for A. kokufuensis (Figs. 2 and 4) . This trend was similar to the N. californicus population on pear trees (Kawashima et al., 2006) , in which N. californicus in the "Phyto trap" was commonly observed when the density of prey was low on leaves, and it was mainly observed on leaves when prey density was high on leaves. Since detailed prey density was not investigated in this study, further discussion was not possible.
All samples of T. fulvus were found in traps; E. finlandicus were not found in any of the traps, even when this species was observed on leaves of V. dilatatum and M. australis on the same sampling dates. Although we cannot conclusively explain this difference in mite distribution, we suggest that a new sampling technique, such as the "Phyto trap", may provide a new perspective on phytoseiid fauna on trees.
In conclusion, we observed that common wild plants located in the vicinity of apple orchards held an abundance of phytoseiid mites. The major species was E. finlandicus, T. vulgaris, and A. orientalis, although species composition was different among plant species. In north Japan, therefore, wild plants are a valuable source of natural enemies for mite pests in orchards. In the next step, several problems should be solved before using them as a source of predators, because we usually find only N. womersleyi on apple trees in conventional pest control programs in Japan. Although predatory mites can move aerially from such natural vegetation into orchards (Tixier et al., 2000) , the distance between wild plants and apple trees may be larger than the dispersal ability of phytoseiid mites. By growing hedgerows near apple trees, phytoseiid mites may easily move to apple trees by walking as well as by air. Morus australis and V. dilatatum, which are relatively small woody plants, become an important species in hedgerows. Furthermore, inoculation of wild plant leaves with natural enemies directly to apple trees may solve the problem of distance, but we should remember that phytoseiid mites on leaves become abundant in autumn ( Figs. 2 and 4) . Besides the distance, pesticide use should be minimized in apple orchards. When insecticides were omitted, T. vulgaris was dominant on apple trees when Panonychus ulmi cooccurred on apple trees (Toyoshima, 2003) . The use of mating disruptants, which is a relatively new tool for reducing insecticide use in orchards (Sato, 1992) , provides a comfortable environment for insecticide-sensitive phytoseiid mites in apple orchards. More comprehensive investigation is necessary to establish the use of phytoseiid mites on wild plants as biological control agents.
